Abstract. The photospheric abundances for the cool component of the symbiotic star CH Cyg were calculated for the first time using high-resolution near-infrared spectra and the method of of standard LTE analysis and atmospheric models. The iron abundance for CH Cyg was found to be solar, [Fe/H] = 0.0±0.19. The atmospheric parameters (T eff = 3100 K, log g = 0.0 (cgs), ξ t = 2.2 km s 
Introduction
Both symbiotic and peculiar red giants (barium, CH-stars, extrinsic S stars, etc.) are binaries with a cool giant primary and a hot (WD) secondary. Interaction between the binary components results in peculiar chemical composition in the atmospheres of barium and related giants. This is believed to result from the previous transfer of s-process rich mass from the AGB star, which is now a WD, to the star that now appears as the red giant (Han et al., 1995; Začs 2000) . Symbiotic activity indicates that these binaries are currently interacting. Symbiotic systems also have a white dwarf that was previously an AGB star and a red giant that was a main sequence star during the AGB phase of the now white dwarf. An obvious expectation is that there are red giants with WD companions that are both chemically peculiar and symbiotic (see, for review, Jorissen 2003) . Although a number of symbiotic stars are well studied there is a lack of detailed abundance analysis based on highresolution spectra.
The link between the yellow symbiotics and peculiar giants has been established using the abundance patterns (Smith et al. 1996 (Smith et al. , 1997 Pereira, Smith, & Cunha 1998; Smith, Pereira, & Cunha 2001) . All known yellow symbiotic stars studied so far using atmospheric models display significant enhancement Send offprint requests to: M.R.Schmidt of s-process elements, similar to peculiar giants (see, Jorissen 2003) . They are clearly halo objects, as revealed by their low metallicities and high space velocities. The s-process Ba and Sr enhancements have been also found in the two symbiotic stars containing a CH-type giant with a very high C overabundance (Schmid 1994) . CH stars are also metal poor halo objects.
For the red symbiotics a link to the chemically peculiar giants is much more tenuous. Only a small number of galactic red symbiotic stars have a cool carbon-rich star as a cool component. Recently, peculiar chemical composition was confirmed for the red symbiotic HD 35155; the star was found to be metal deficient, [Fe/H] = −0.8, and rich in neutron-capture elements, [n/Fe] = + 2 dex on average (Vanture et al. 2003) . It is not clear why among red symbiotic stars the percent of carbon and s-process rich stars is so low.
CH Cyg (=HD 182917 = HIP 95413) is the brightest symbiotic binary at visual wavelengths and the second brightest symbiotic in the 2 µm infrared. The CH Cyg system has been observed both photometrically and spectroscopically from radio through X-ray wavelengths. Both the light curves and the radial velocity curves show multiple periodicites (e.g. a ∼ 100 d photometric period best visible in the VRI light curves, attributed to radial pulsations of the giant (Mikołajewski, Mikołajewska & Khudyakova 1992) , and a secondary period of ∼ 756 d also present in the radial velocity curve (Hinkle et al. 1993) .
There is a controversy about whether the CH Cyg system is triple or binary system and if triple whether the symbiotic pair is the inner binary or the white dwarf is on the longer orbit ( (Hinkle et al. 1993; Munari et al. 1996) . Although the triple-star model is very appealing, this model does not easily explain the observed photometric behaviour (Munari et al. 1996 , and references therein). Recent study of radial velocity variations of nine multiple-mode semiregular M-giants (SRVs) revealed radial-velocity periods longer than the fundamental radial mode in six of the nine giants (Hinkle et al. 2002) . Although the authors considered a possibility that the velocity variations are due to orbital motion, the nearly identical orbital parameters (K, e, and to a lesser extent also ω) for five of the six SRVs make a binary model very unlikely. As discussed by Wood et al. 2004 and Hinkle et al. 2002 evidence points to a stable non-radial pulsation of very long period rather than duplicity. The orbital parameters, K, e, ω, for the ∼ 756 d pair of CH Cyg (Hinkle et al. 1993 ) are practically the same as those for these five multiple-period SRVs studied by Hinkle et al. (2002) . This strongly suggests that the ∼ 756 d period in CH Cyg is a non-radial pulsation mode. If so, the ∼ 5300 d velocity variation discussed by Hinkle et al. 1993 must then be the symbiotic orbit.
The cool giant has been classified as M7 (M6.5 -M7.5) by Mürset & Schmid (1999) . In a quiet phase the cool component is a typical oxygen-rich star with TiO bands dominating the red region of the optical spectrum. In the past CH Cyg was used as a M6 spectral standard (Keenan 1963) . Chemical peculiarities are not obvious in the optical spectrum of CH Cyg. However, due to the crowded spectrum in the optical spectral region an analysis of chemical composition is very difficult. Here for the first time we present a detailed abundance analysis of CH Cyg based on high-resolution, near-infrared spectra, the method of standard LTE analysis and atmospheric models, and spectrum synthesis. We have also looked for variations of selected absorption lines.
Observations and data reduction
The high-resolution 2 µm region spectra of CH Cyg were obtained with the Fourier transform spectrometer (FTS) at the coudé focus of the KPNO Mayall 4 m telescope (Hall et al. 1978 (Hall et al. ) between 1979 (Hall et al. and 1992 . The majority of the observations were taken with either a K filter (2.0 -2.5 µm) or a broadband 1.5 -2.5 µm filter covering both the K and H bands. The resolution of the spectra is 0.07 cm −1 (∼4 km s −1 ). The typical signal-to-noise (S/N) ratio of the spectra selected for abundance analysis range from 80 to 180 around 4600 cm −1 and twice less in the H-band. For more details about observations and reduction of the data see Hinkle et al. (1993) .
The six spectra of CH Cyg were selected for further analysis in this paper. Five of them are in the K band where the spectrum is less crowded and the continuum seems to be clearly defined. To cover different phases of symbiotic activity the spectra observed on 11 June 1982 , 30 December 1984 , 14 March 1987 May 1987, and 6 April 1991 were chosen. In addition one Fig. 1 . The observed spectrum of CH Cyg in the region of well-known Ca index. Also shown is the spectrum of the Sun . spectrum observed on 13 January 1989 in H band was selected for abundance analysis. All the selected spectra have high S/N ratio and low level of fringing visible in some of the 46 spectra available.
Identification and measurements of absorption lines
An inspection of the selected spectra of CH Cyg shows that a large number of lines for neutral atoms (Na, Mg, Al, Si, S, Ca, Sc, Ti, V, Cr, Fe, Ni) and molecules (CO, CN, OH, HF) are evident. Also some lines of H 2 O were found near 4700 cm −1 using the list of sunspot water lines identified by . To our knowledge no s-process element abundances have been studied in H and K bands. The line databases used in the paper contain few lines of Ba I and Y I in the spectral regions of interest with these lines too weak to be identified. Strong enhancements, >1 dex, would be necessary to enable clear identification of these lines in the spectrum. Absorption line identifications were made using the list of atomic lines given by Mélendez & Barbuy (1999) in the H band, the VALD database in the K band (Kupka et al. 1999) and the atlas of cool stars spectra prepared by . The molecular lines were identified using the line list of CO and isotopic vibration-rotation transitions given by Goorvitch & Chackerian (1994) , HF transitions prepared by Jorissen, Smith, & Lambert (1992) , molecular data from Kurucz (1995) and the list of red system CN lines published by Davis & Phillips (1963) .
No telluric reference spectra were taken for these CH Cyg observations and hence it was not possible to remove telluric lines from the spectra. However, this prove not to be a serious limitation because many stellar lines are uncontaminated by telluric features. Therefore the first task was to identified stellar and telluric lines in the observed spectra of CH Cyg. An atmospheric transmission function adopted from the Arcturus Atlas (Hinkle, Wallace, & Livingston 1995) was used to select stellar lines whose positions differ significantly from telluric features. In total more than 300 clean atomic and molecular lines for abundance analysis were selected, however, only a part of them have acceptable spectral line data. Equivalent widths (EW) of selected lines were measured by fitting with the Gaussian using the standard DECH20T routine (Galazutdinov 1992) both in the spectra of CH Cyg and the Sun. Equivalent widths measured at different phases of stellar activity were compared. Only a small fraction of the equivalent widths displayed significant changes, i.e. more than 10%. We are not sure that these changes are due to physical effects. The variations in EW could be because of uncertainties in the continuum definition and contamination by neglected telluric components. Notice that the locations of telluric lines change in the spectra with both heliocentric velocity and orbital phase. Additional analysis is needed to understand nature of changes in some EW. In this paper only constant stellar lines are exploited. In the final list of lines for abundance analysis (see Tables 1 and 2 ) clean absorption lines with acceptable atomic (molecular) data were included and averaged equivalent widths are given.
Although normalization of spectra sometimes is difficult the abundance calculations for iron over the observed spectral region gives evidence that in general the continuum is clearly defined. Notice that the spectrum of CH Cyg in the H band is much more crowded than in the K band. Therefore for abundance calculations we prefer the K band. In the K band it is also easier to detect fringing as a modulation of the continuum. The resulting rectified spectra for two typical wavelengths regions are presented in Figs. 1 and 2. Also shown is the spectrum of the Sun which we used to check the methodology of abundance calculations.
Analysis and results
The standard LTE line analysis program WIDTH9 developed by R. L. Kurucz has been employed for abundance calculations of atomic lines. Model atmospheres were extracted from Hauschildt et al. (1999) . The most recent version of the spectrum synthesis code MOOG (Sneden 1973 ) was used for analysis of selected molecular lines. Spectral lines stronger than 300 mÅ were not used in general for abundance calculations. The abundances using the same sample of lines were calculated for CH Cyg and the Sun to detect possible systematic effects. For solar atmosphere the Kurucz's model (Kurucz 1993 ) of the Sun was adopted. The calculations of synthetic spectra over the entire observed spectral region were done using the code WIDMO developed by one of us (M.S.).
Atmospheric parameters
The effective temperature of CH Cyg was estimated by Dyck, Belle, & Thompson (1999) using interferometric measurements of the angular diameter, T eff = 3084 ± 130 K. Effective temperature as a function of spectral type for M giants was calibrated by Richichi et al. (1999) using lunar occultation measurements corrected by inclusion limb darkening effects. According to this calibration spectral type M7 corresponds to an effective temperature of 3150±95 K. Photometric estimation of temperature is rather difficult for CH Cyg because of the variability of colour indexes. The temperature T eff = 3100 K seems to be good approximation for this cool giant.
The surface gravity (log g) for CH Cyg is not possible to determine in the standard way from the Fe /Fe  ionization balance due to absence of detectable lines of ions in the cool atmosphere of giant. Molecular lines are not useful for this task because partial pressures are not sensitive to the total pressure. Surface gravity may be found from the trigonometric parallax, π = 3.73 ± 0.85 mas (ESA 1997) . Using this value, m V from 7.40 to 9.10 mag (SIMBAD), BC = −4.42, T eff = 3100 K and adopting a mass of M = 2 M ⊙ the standard relation log g = 4 log T eff /T ⊙ + log M/M ⊙ + 2 log π + 0.4(V + BC − 0.26) + 4.44 leads to log g from -0.1 to +0.6 (cgs). This estimation is close to the standard value of 0.0 for M7 giants (Houdashelt et al. 2000) .
The microturbulent velocity for CH Cyg was estimated by forcing the abundances of the individual Fe  lines to be independent of the equivalent widths, ξ t = 2.2 km s −1 . The macroturbulent velocity was introduced in order to fit the profiles of synthesized and observed lines. The FWHM value of 5.9 km s −1 was measured using a number of weak symmetric lines. Notice that Hinkle et al. (1993) found a variability of FWHM during the short-period orbital motion.
The atmospheric parameters adopted for abundance calculations of CH Cyg are as follows: T eff = 3200 K, log g = 0.0 (cgs), and ξ t = 2.2 km s −1 , nearest in the grid of model atmospheres (Hauschildt et al. 1999 ) and close to the mean values for single M giants (Houdashelt et al. 2000) . Uncertainties in the adopted atmospheric parameters were estimated to be ± 200 K in temperature, ±0.5 dex in gravity and ±0.5 km s −1 in microturbulent velocity. For the Sun standard atmospheric parameters (5777 K, 4.44 (cgs), 1.0 km s −1 ) were accepted.
Atomic and Molecular data
The insufficient quality of available atomic and molecular data is a serious limitation for abundance analysis using lines in the infrared spectral region. The abundances of Mg, Si, Ti, Fe, and Ni in this paper were calculated using atomic lines. The atomic data for measured lines were collected using the VALD database (Kupka et al. 1999 ) and the list prepared by Mélendez & Barbuy (1999) . The quality of the collected oscillator strengths was inspected via abundance calculations of the Sun. Unfortunately, not all lines selected and measured in the spectrum of CH Cyg are detectable in the spectrum of Sun. The solar abundance of Fe  was calculated using lines in the CH Cyg line list. Abundances from individual lines were compared to the mean and lines giving incorrect values were omitted. An average metallicity of the Sun was found to be 7.54±0.12 (see Table 3 ) from the best lines, close to that obtained in the optical region, 7.50±0.12 (Grevesse & Sauval (1998) ). Then the same sample of lines with the same (log g f ) was used to calculate the iron abundance of CH Cyg. This minimized the role of systematic effects (see the last column in Table 3 ).
The same methodology was used to select lines of Mg , Si , Ti , and Ni  with best available oscillator strengths. The solar abundances of these elements, calculated using these lines, are presented in Table 3 . The systematic effects and standard deviations in abundances mainly due to errors in log g f are in general lower than those due to uncertainties in the atmospheric parameters for CH Cyg (see Table 4 ). Unfortunately, our efforts to create a sample of lines with acceptable oscillator strengths for Na , Al , S , Ca , Sc , V , Cr  was unsuccessful mostly due to serious problems with quality of oscillator strengths for these elements in the infrared.
The abundances of CNO elements and fluorine were calculated using the molecular lines. The vacuum wavelengths, excitation potentials, and g f -values for the vibration-rotation lines of CO isotopes are adopted from Goorvitch (1994) . Both ∆v = 2 second overtone lines in K-band and ∆v = 3 third overtone lines in H-band were involved in the analysis. The accepted dissociation energy of CO was D 0 =11.091 eV. In the case of 12 CO, 13 CO, 12 CN, and OH lines the list of lines used by Smith & Lambert (1990) was adopted. The abundance of fluorine was calculated using rotation-vibration lines of HF molecule. HF data given by Jorissen et al. (1992) were used.
Abundances
The mean absolute and relative abundances in the scale of log ε(H) = 12.0 derived with T eff = 3200 K, logg = 0.0, ξ t = 2.2 km s −1 and [M/H] = 0.0 for CH Cyg are given in Table 3 , together with the standard deviations of abundances estimated from individual lines, and the number (n) of lines used in the analysis. The abundances relative to the Sun ([X]) were calculated using solar photospheric data provided by Grevesse & Sauval (1998) , except in the case of fluorine, for which we used the meteoritic solar abundance of 4.48. The systematic errors in abundances produced by uncertainties in T eff (±200 K), log g (±0.5 dex), and ξ t (±0.5 km s −1 ) would lead to errors, less than 0.3 dex for all elements (see Table 4 ).
Isotopic ratios
The high resolution spectra provide an opportunity to estimate the isotopic ratios of carbon and oxygen using individual lines of 13 Table 4 . Sensitivity of abundances to uncertainties in stellar parameters. region also has a number of strong telluric lines. To check clean profiles the spectrum was rationed by the logarithmically corrected telluric spectrum from the Arcturus Atlas. In addition, the synthetic spectrum was calculated over the entire range to see possible contamination by other molecular ( 12 C 16 O, CN) lines in the stellar spectrum. Eight clean 12 C 17 O lines were selected and measured (see Table 2 
Discussion
An LTE abundance analysis of the red symbiotic star CH Cyg was made for the first time using high-resolution near-infrared spectra and atmospheric models. Weak and medium strong (EW<300 mÅ) atomic lines formed deeply in the atmosphere of cool giant were used to calculate abundances of iron and α-group elements. The abundance of iron was found to be solar. The mean of three selected iron group elements (Ti, Fe, Ni) displays slight overabundance, [M] = +0.2 dex. Possible uncertainties in atmospheric parameters lead to errors of no more than 0.3 dex for all elements. CNO abundances were determined using first and second overtone CO lines, first overtone OH lines, and CN red system lines. In the standard picture of a symbiotic binary the hot WD component ionizes the cool giant wind giving rise to strong UV emission lines of C ], C , N ], N ] and O ]. Based on emission line fluxes from these ions, Nussbaumer et al. (1988) deduced C/N and O/N abundance ratios for 24 symbiotic systems observed with the IUE satellite. They found that the CNO abundance ratios place the symbiotic stars in the transition region from giants to supergiants, almost coinciding with the Mgiants. They also noted that their method tends to overestimate nitrogen relative to oxygen and carbon, although the effect is not larger than ∼ 30 %.
Our abundances calculated from the M giant absorption lines can be compared with those derived from the UV emission lines providing an opportunity for a verification of the method used by Nussbaumer et al. (1988) , and more generally any method based on emission lines. The fluxes of emission lines for CH Cyg were measured using low resolution IUE observations obtained during 1979-1986 by Mikołajewska et al. (1988) , to which we added measurements from IUE observations through May 1989. The relative abundance of C/N and O/N were determined using 22 observations following the procedure described by Nussbaumer et al. (1988) Bauschlicher et al. (1988) . Adopting a higher value of D 0 0 (CN)=7.77 eV (Costes et al. 1990 ) would reduce nitrogen abundance by 0.28 dex increasing even more the discrepancy with the emission line results. The N abundance could be increased by adopting a lower value of the surface gravity (see Table 4 ). However, with the available grid of models, a quantitative analysis of this hypothesis is not yet possible . As long as we assumed correctness of the determination of the nitrogen abudances, this result suggests that at least in case of CH Cyg, the method based on emission lines may overestimate the abundance of nitrogen by a factor of a few. Alternatively, it is possible that in CH Cyg, the emission lines originate in the ejecta/jets from the hot component rather than in the illuminated parts of the M giant wind.
The atlas of spectra of cool stars published by provides spectra of two M giants -λ Dra (M0 III) and RX Boo (M8 III) and two M supergiants -α Ori (M2 Ia) and α Her (M5 Ib-II). Qualitative comparison of these spectra shows differences among the spectra of single M (super)giants and the cool giant of CH Cyg. In the spectra of single (super)giants the depth of (2-0) 12 C 16 O band head is about 65 -70%, whereas in CH Cyg the CO band heads are never deeper than 60% (Fig.4) . The same conclusion may be drawn inspecting the strong vibrational-rotational lines of CO bands in the K band. A quantitative comparison of the equivalent widths of (2-0) high rotational transitions lines R78-R81 with the data for some M giants (Smith & Lambert 1990) shows that the equivalent widths of these lines measured in CH Cyg (M7) are typical for early M stars. A speculation is that the differences in the CO lines results from the upper atmosphere of CH Cyg cool giant being modified by X-UV-radiation of WD companion. However, the spectra chosen for the analysis were taken when the red giant was closer to us than the hot component according to the long period orbit of Hinkle et al.1993 , and the illuminated hemisphere could not be well visible. Moreover, the depth of (2-0) 12 C 16 O band head reached the lowest value in 1987-88 when the hot component luminosity reached its minimum value (e.g. Mikołajewska, Mikołajewski & Selvelli 1993) which could be hardly reconciled with the illumination hypothesis. A caveat is that weakening of the strongest lines has also been seen in spectra of late-type large amplitude variable stars, perhaps as the result of either extended atmospheric layers or mechanical energy transport to the more tenuous regions of the atmosphere, or a combination of these effects (Hinkle, Hall & Ridgway 1982) .
Another possibility is the presence of the hot dust envelope. In fact, ISO spectra do show the existence of an extended dust envelope around CH Cyg (Schild et al. 1999) . Calculations with the DUSTY code (Ivezić & Elitzur 1995 show that the contribution of the flux from the dust to the total flux at K band wavelengths can reach at most a few percent. So this possibility cannot be totally rejected. Perhaps this is supported by the fact that CO bands in H band are well reproduced by the synthetic spectrum, and that minimum band depth is coincinding with the maximum of the M band light curve of Munari et al. (1996) . However, elaboration on this topic is outside the scope of the paper. -0) 12 C 16 O band head for two different phases of symbiotic activity. Also shown is the calculated spectrum (thin solid) using the final atmospheric parameters and abundances.
To fit the equivalent widths of the lines (2-0) R78-R81 the carbon abundance of CH Cyg would have to be changed by −0.7 dex, in conflict with the carbon abundance calculated from the weak second overtone CO lines. The reason can not to be an error in the effective temperature adopted because we would have to raise the temperature to 3800 K to fit R78-R81 equivalent widths. Such a high effective temperature is inconsistent with the spectroscopic type and colours. Smith & Lambert (1990) discussed in details similar effects for single M giants and concluded that strongest CO lines are not simple monitors of carbon abundance. These lines should be rejected in deriving both the microturbulence and the abundance because the outermost layers where strong lines are formed differ from the model atmosphere. Mechanical heating may lead to higher temperatures and/or microturbulence in the surface layers.
Conclusions
1. The photospheric abundances for the cool component of symbiotic star CH Cyg were calculated for the first time using high-resolution, near-infrared spectra and the method of standard LTE analysis and atmospheric models. Iron abundance for CH Cyg was found to be solar, [Fe/H] = +0.0±0.19. The atmospheric parameters, (T eff = 3200 K, log g = 0.0 (cgs), ξ t = 2.2 km s −1 ) and metallicity, for CH Cyg are approximately equal to those for normal M7 giants.
2. Although the orbital period of symbiotic system CH Cyg of ∼ 5300 d is not unusual as compared with orbital periods of barium stars (Jorissen et al. 1998) 
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−270 , respectively, in agreement with those for giants experiencing the first dredge-up. There is no signature of significant s-process enhancement, so synthesis of neutron-capture elements in WD progenitor (AGB star in the past) or mass transfer to the secondary (now primary) was not efficient. The reason of this could be high metallicity of the star, in agreement with the scenario proposed by Jorissen (2003; and references therein) . By comparison the yellow symbiotic stars, which have significant enhancement of s-process elements, are metal-deficient.
3. The C/O ratio calculated for CH Cyg using the technique of emission lines provided by Nussbaumer et al. (1988) is close to that obtained from analysis of the absorption lines. However, results for C/N and O/N ratios derived from the two techniques are significantly different.
4. The strong lines in the CH Cyg infrared spectrum are more shallow than those of standard M giants. This may reflect modification by high-energy radiation of the WD companion. In any case, abundances derived using strong (>300 mÅ) lines are sensitive to the atmospheric model.
